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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the invention: 

This invention relates to a hematocrit measuring 
instrument, more particularly to a hematocrit measur- 
ing instrument which is capable of performing highly 
accurate and continuous measurement even when 
there are variations in a blood temperature or in the 
concentration of the blood plasma electrolyte. 

2. Description of the Related Art 

Measurement of the hematocrit of blood (the ratio 
of the volume of blood cells to the volume of the whole 
blood) is not only a very effective technique for the di- 
agnosis of diseases, medical treatment and health 
care but also is a very effective technique to observe 
variations of the amount of the blood of patients who 
are undergoing blood purification treatment due to 
the use of artificial kidneys. Therefore there has been 
a strong demand for hematocrit measuring instru- 
ments which can perform highly accurate measure- 
ments continuously. 

Various types of instruments have been known 
for hematocrit measurement including those employ- 
ing centrifugation, those which make measurement 
from the blood cell count of a given volume (unit vol- 
ume) of blood and the mean blood cell volume and 
those which make the measurement from the electri- 
cal resistance of the blood. Among the hematocrit 
measuring instruments, the type deriving the hema- 
tocrit based on the electrical resistance is character- 
ized in that it can perform the measurement simply 
and continuously. 

However, conventional hematocrit measuring in- 
struments of the electrical resistance type suffer 
from measurement errors when an impedance of the 
blood plasma varies with the concentration of electro- 
lyte or protein in the blood plasma. 

The inventor of this invention has proposed a he- 
matocrit measuring instrument in which impedances 
of the blood are measured by using two kinds of very 
different frequencies and the hematocrit is calculated 
based on the measured impedances (as disclosed in 
Japanese Patent JP-A-63 133 062. 

FIG. 4 of the accompanying drawings shows the 
conventional hematocrit measuring instrument men- 
tioned above. This instrument is used to continuously 
measure the hematocrit of the blood in an extracor- 
poreal circulation, for example in a path for hemo- 
dialysis. The conventional instrument comprises a 
low-frequency impedance measuring device 2 and a 
high-frequency impedance measuring device 3 which 
are disposed in a blood flow passage 1, and output 
measured values to an arithmetic instrument 4. 



The low-frequency impedance measuring device 
2 uses a low-frequency which makes an impedance 
of the cell membrane much larger than an impedance 
in blood plasma or intracellular fluid, and measures a 
5 low-frequency impedance p L of blood flowing through 
the blood flow passage 1. 

The high-frequency impedance measuring de- 
vice 3 uses a high-frequency which makes an impe- 
dance of cell membrane negligibly small compared 
10 with an impedance in blood plasma or intracellular 
fluid, and measures a high-frequency impedance p H 
of the blood flowing through the blood flow passage 
1. 

The arithmetic unit 4 calculates the hematocrit Ht 

15 by applying the inputted values p L and p h to the rela- 
tional expression between the low and high- 
frequency impedances of the blood and hematocrit, 
and displays the calculated value on a display 5. 
The foregoing hematocrit measuring instrument 

20 is capable of carrying out very accurate measure- 
ments continuously even when there are variations in 
the concentration of the plasma electrolyte or protein. 

With the conventional instrument, the impedance 
measuring devices 2, 3 are disposed at different pos- 

25 itions in the blood flow passage 1, and the low and 
high-frequency impedances of the blood are meas- 
ured at those positions. Therefore the following incon- 
veniences have been experienced when it is desired 
to measure hematocrit more accurately. 

30 The low and high-frequency impedances of the 

blood are strongly influenced not only by the concen- 
tration of plasma electrolyte or protein in the blood but 
also by a blood temperature. It is known from US-A- 
4 484 135 that the impedance of the blood varies with 

35 the temperature at a rate of about 2%/°C. If there is a 
temperature difference of one degree between the 
two impedance measuring points, about 1.5% error 
will be caused in the measured hematocrit value. It 
follows that accurate measurements cannot be car- 

40 ried out when there Is a temperature difference be- 
tween two measuring points. 

Especially when an artificial kidney is controlled 
based on measured hematocrit during hemo-dialysis, 
for example, the measuring instrument is required to 

45 perform highly accurate measurement so as to obtain 
medical treatment with saf ty and high efficiency. The 
conventional measuring instrument has a problem 
that the hematocrit values are susceptible to errors 
caused by a change of blood temperature at the start 

50 of extracorporeal circulation, or ambient conditions 
under which medical treatment is being applied (e.g. 
due to the large difference between room tempera- 
ture and body temperature). 

In order to overcome the foregoing problems, 

55 there has been proposed an instrument in which tem- 
perature detectors such as thermistors are used to 
measure the blood temperatures at the two measur- 
ing points and variations in the measured blood im- 



2 



I? 

* * 

3 EP 0 417 796 B1 4 



pedances are compensated accordingly. However 
such a conventional instrument is very complicated 
as a whole, and when the blood temperature changes 
abruptly, suitable compensation cannot be carried 
out because there is a time lag in temperature detec- 5 
tion. As a result, measured hematocrit values will be- 
come less accurate and less reliable. 

SUMMARY OF THE INVENTION 

10 

In the light of the problems of the conventional he- 
matocrit measuring instrument, it is therefore an ob- 
ject of the invention to provide a simple hematocrit 
measuring instrument which is capable of continu- 
ously, quickly and accurately measuring hematocrit 15 
values based on the impedance of the blood without 
the need of measuring the blood temperature, for ex- 
ample. 

The above object of the invention is accomplish- 
ed by a hematocrit measuring instrument which com- 20 
prises a blood flow passage, a low-frequency impe- 
dance measuring device in which at least a pair of low- 
frequency impedance measuring electrodes are dis- 
posed in the btood flow passage and are applied a 
low-frequency current in which a cell membrane im- 25 
pedance is much larger than a blood plasma impe- 
dance or an intra-cellular fluid impedance, so as to 
measure a low-frequency impedance of the blood, a 
high-frequency impedance measuring device in 
which at least a pair of high-frequency impedance 30 
measuring electrodes are disposed in the blood flow 
passage and are applied a high-frequency current in 
which the cell membrane impedance is negligible 
compared with the blood plasma impedance or the in- 
tracellular fluid impedance, so as to measure a high- 35 
frequency impedance in the blood, and an arithmetic 
unit for calculating a hematocrit value based on the 
low and high-frequency impedances of the blood. 
This hematocrit measuring instrument is character- 
ized by a pair of low-frequency impedance measuring 40 
electrodes and a pair of high-frequency measuring 
electrodes which are disposed substantially at the 
same position in the blood flow passage in the blood 
flowing direction. 

In the above configuration of the instrument, the 45 
low-frequency impedance measuring device is used 
for the following reason. Because a low-frequency 
current cannot pass through blood cells, the blood im- 
pedance representing a concentration of the blood 
cells, i.e., a hematocrit value, can be measured. so 

A high-frequency current is used for the following 
reasons. Since a high-frequency current can freely 
pass through the blood ceils, the blood impedance 
representing the concentration of the electrolyte or 
protein in the blood can be measured independently 55 
of the hematocrit value. Therefore, the low-frequency 
impedance of the blood can be adjusted to derive the 
hematocrit value accurately based on the measured 



blood impedance value. 

In addition, the reason why both low and high- 
frequency impedances are measured substantially at 
the same point of the blood flow passage is that va- 
riations of impedances in the blood due to blood tem- 
perature change are compensated by measuring the 
impedances at the same temperature. In short, the 
blood impedances vary greatly with temperatures as 
described previously. The temperature characteris- 
tics of the btood impedance depend upon the temper- 
ature characteristics of electric conduction of ions 
such as Na+, CI- which are carriers of electric conduc- 
tion in the blood. Therefore, the impedances of the 
blood vary nearly at the same ratio regardless of a low 
or high-frequency when a blood temperature varies. 
To sum up, the impedance of the blood decreases by 
about 2%t°C for the low and high frequencies. 

Upon analyzing the frequency characteristics of 
the blood impedance, it is known that the hematocrit 
is a function of the ratio between the low-frequency 
impedance pi_ and high-frequency impedance p H , i.e., 
Pl'PH' 

The low-frequency impedance p L and high- 
frequency impedance p H of the blood vary with the 
blood temperature. However if these impedances are 
measured at the same temperature, the ratio prfpi is 
not influenced by the temperature. The hematocrit 
which is the function of the ratio p L /p H can be calcu- 
lated without influence of the temperature. 

The operation of the hematocrit measuring in- 
strument will be described hereinafter. 

With the instrument of the invention, impedances 
of the blood are measured substantially at the same 
point in the blood flow passage by using two kinds of 
different frequencies, so that the hematocrit can be 
calculated based on the measured impedances. 

The invention is conceived based on the temper- 
ature characteristics and the frequency characteris- 
tics of the impedance of the blood. A low-frequency 
impedance measuring device and a high-frequency 
impedance measuring device are disposed substan- 
tially at the same position on the blood flow passage, 
and a low-frequency impedance and a high- 
frequency impedance of the blood are measured at 
the same temperature. The measured values are in- 
putted to an arithmetic unit. 

Based on the inputted impedances, the arithmet- 
ic unit calculates the hematocrit of the blood after 
compensating for the temperature dependability of 
the impedances, and outputs the hematocrit value. 

According to the invention, two kinds of impe- 
dances, i.e., a low and a high-frequency impedance 
of blood are measured at the same temperature so as 
to calculate the hematocrit 

The hematocrit measuring instrument of the in- 
vention can continuously measure the hematocrit 
without any influence of the blood temperature, or 
concentration of plasma electrolyte or protein. In ad- 
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dition, the measuring instrument is capable of accu- 
rate measurement of the hematocrit even when med- 
ical fluid containing electrolyte is applied in the blood, 
or even when the blood temperature or concentration 
of plasma electrolyte changes abruptly during a blood 
purification process, for example. 

Since it is not necessary to measure the temper- 
ature, the measuring instrument does not need 
thermometers or temperature compensators, which 
will make the instrument simple and inexpensive. 

It is preferable that the low-frequency impedance 
measuring device of the invention measures a low- 
frequency impedance of the blood by applying a low- 
frequency current of 5 KH Z to 50 KH Z , while the high- 
frequency impedance measuring device measures a 
high-frequency impedance of the blood by using a 
high-frequency current of 20 MH Z to 200 MH 2 . 

The aforementioned low-frequency of 5KH 2 to 
50KH Z is selected because it is safe for the human 
body, the current flowing through the blood cell is 
very weak, and no electrode polarization is caused, 
so that the accurate hematocrit values can be ob- 
tained. 

The high-frequency of 20 MH Z to 200 MH Z is se- 
lected because this frequency can pass through the 
cell membranes of the blood very easily, and varia- 
tions of the concentration of the plasma electrolyte or 
protein can be precisely measured independently of 
the hematocrit. 

In the hematocrit measuring instrument of the in- 
vention, it is preferable that the arithmetic unit derives 
the hematocrit value H t from the following formula. 
H t ■ K log e (pL/ph) 

where p L represents a low-frequency impedance; p h : 
a high-frequency impedance; and le a constant 

The hematocrit value can be accurately derived 
from the foregoing formula because the formula for 
measuring a hematocrit, a low-frequency impedance 
and a high-frequency impedance of a patient's blood 
is identical to the aforementioned formula. 

In the hematocrit measuring instrument of the in- 
vention, the electrodes for measuring both low and 
high frequencies are disposed in the blood flow pas- 
sage so as to allow the currents to intersect with each 
other so that very minute mutual interference of both 
low and high-frequency current can be minimized. In 
addition, the very minute mutual interference is re- 
moved by a low-pass filter and a high-pass filter, so 
that both the low and high-frequency impedances can 
be accurately measured at the same temperature. 

One of the two high-frequency electrodes is used 
also as a low-frequency electrode so as to decrease 
the total number of the electrodes and to simplify the 
structure of a resistivity measurement cell. In addi- 
tion, it is possible to measure the impedances of the 
blood at the same temperature when the measure- 
ment is performed at the positions which are very 



close to each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG. 1 is a block diagram of a hematocrit meas- 

uring instrument according to a first embodiment 
of the invention; 

FIG. 2 is a diagram showing the structure of a 
low-frequency measuring device and a high- 

10 frequency measuring device employed in a sec- 

ond embodiment of the invention; 
FIG. 3 is a diagram showing a hematocrit meas- 
uring instrument according to a third embodiment 
of the invention; and 

15 FIG. 4 is a diagram showing a conventional he- 
matocrit measuring device. 

DETAILED DESCRIPTION 

20 Embodiment 1: 

FIG. 1 shows a basic structure of the hematocrit 
measuring instrument, which continuously measures 
the hematocrit of blood in a circulatory path outside 
25 the body, for example in a path for hemo-dialysis. 
Both a low-frequency impedance measuring device 
20 and a high-frequency impedance measuring de- 
vice 30 are disposed as a unit in a blood flow passage 
10. 

30 The first embodiment of the hematocrit measur- 

ing instrument is characterized in that both a low-fre- 
quency impedance p^ and a high-frequency impe- 
dance p H of the blood are measured by the measuring 
devices 20 and 30 substantially at the same position 

35 in the blood flow passage 10. Then the hematocrit is 
continuously measured based on the measured val- 
ues p L and p H . 

In this embodiment, the low-frequency impe- 
dance measuring device 20 includes a resistivity 

40 measurement cell 21 , a low-frequency constant cur- 
rent source 22, a low-pass filter 23 and an AC volt- 
meter 24. 

The high-frequency impedance measuring de- 
vice 30 includes the resistivity measurement cell 21 
45 to be also used by the low-frequency impedance 
measuring device 20, a high-frequency constant cur- 
rent source 31, a high-pass filter 32 and an AC volt- 
meter 33. 

The resistivity measurement cell 21 comprises 
so an insulative cylindrical polycarbonate pipe 25, at the 
center of which a blood flow passage 10 is disposed. 
The pipe 25 has an electrode 26a and an electrode 
26b. The electrode 26a is disposed facing the blood 
flow passage 10 while the other electrode 26b is dis- 
ss posed across the blood flow passage 1 0 at a position 
which is on the opposite side of the electrode 26a and 
is at a certain distance from the electrode 26a in the 
direction of the central axis of the blood flow passage 
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1 0. The pair of electrodes 26a, 26b serve as the low- 
frequency current source for measuring the low-fre- 
quency impedance. 

A pair of voltage pickup electrodes 27a, 27b are 
disposed along the blood flow passage 10 inside the 
electrodes 26a, 26b, respectively. 

In addition, the pipe 25 has electrodes 28a and 
28b which face the blood flow passage 10. The elec- 
trode 28a is on the side where the electrode 26a is 
disposed. An electrode 28b is on the side where the 
electrode 26b is disposed. The pair of the electrodes 
28a, 28b are eJectrodes for measuring the high- 
frequency impedance. The electrodes 28a, 28b are 
disposed so that the high-frequency current path and 
the low-frequency current path intersect with each 
other in the pipe 25 by means of the electrodes 26a 
and 26b. 

The pair of the low-frequency electrodes 26a, 
26b are connected to the low-frequency constant cur- 
rent source 22, which supplies these electrodes 26a, 
26b with a low-frequency AC current l L of 50 KH 2 , 1 00 
nA rms. which cannot pass through blood cells, does 
not cause electrode polarization, and does not give 
any harm to the human body. 

The pair of the high-frequency electrodes 28a, 
28b are connected to the high-frequency current 
source 31, which supplies the electrodes 28a, 28b 
with a high current l H of 20 MHz, 100 nAr.m.s. which 
can easily pass through the blood cells and does not 
give any harm to the human body. The low-frequency 
current l L and the high-frequency current l H are sup- 
plied in the direction so that they intersect with each 
other in the blood flow passage by means of the elec- 
trodes 28a, 28b. 

Although the two kinds of the measurement cur- 
rents flow substantially at the same position in the 
blood flow passage 10, a 50 KH Z AC voltage propor- 
tional to the impedance p L of the blood can be gener- 
ated between the voltage pickup electrodes 27a, 27b 
(adjacent to the low-frequency current supply electro- 
des 26a, 26b) while suppressing generation of a 20 
MH Z AC voltage as little as possible. 

On the contrary, the 20 MH 2 AC voltage propor- 
tional to the impedance ph of the blood can be gen- 
erated between the high-frequency electrodes 28a, 
28b while suppressing generation of the 50 KH Z AC 
voltage. 

The low-pass filter 23 prevents flow of the 20 
MH Z AC signal from the voltage pickup electrodes 
27a, 27b, and outputs the 50 KH Z AC signal to the AC 
volt-meter 24. 

The high-pass filter 32 prevents flow of the 50 
KHz AC signal from the high-frequency electrodes 
28a, 28b,and outputs the 20 MH Z AC voltage to the 
AC volt-meter 33. 

The AC voltmeters 24 and 33 respectively-con- 
vert the AC voltages from the low- and high-pass fil- 
ters 23, 32 into DC voltages V L and V H , and output 



them to the hematocrit arithmetic unit 40. 

According to this embodiment, since the two 
kinds of the measurement currents are supplied in the 
directions which intersect with each other, both the 
5 low and high-frequency impedances of the blood can 
be measured at the same point in the blood flow pas- 
sage without any adverse influence with each other. 
In addition, residual noise components can be elim- 
inated by the low- and high-pass filters, so that the 
10 low-frequency and high-frequency impedances of 
the blood can be measured accurately without any in- 
terference between them. 

In addition, the low-frequency current l L cannot 
pass easily through the cell membranes of the blood 
15 cells. Although anisotrophy may occur in the low-fre- 
quency impedance of the blood due to the orientation 
of the blood cells, this can be prevented by the follow- 
ing measures. The low-frequency impedance meas- 
urement device 20 has four electrodes and measures 
20 the impedance in the oblique direction of the blood 
flow passage as a low-frequency impedance of the 
blood. Therefore the impedance of the blood can be 
accurately measured without any influence of the ani- 
sotropy of the blood impedance caused by the orierv 
25 tation of the blood cells. 

The hematocrit arithmetic unit 40 calculates the 
hematocrit of the blood based on the impedances p L 
and p H of the blood measured by the measurement 
devices 20, 30, and comprises a divider 41 , a logarith- 
30 mic amplifier 42 and an ordinary linear amplifier 43. 

The divider 41 divides the voltage V Ll pro portion- 
al to the impedance p L at 50 KH Z of the blood, with the 
voltage V H proportional to the impedance p H at 20 
MHz, and outputs the ratio? = V L /V H = (p L /p H ) as a vol- 
35 tage signal to the logarithmic amplifier 42. 

The logarithmic amplifier 42 converts the signal 
r from the divider 41 into a logarithm log e y. The linear 
amplifier 43 multiplies log e y by K times, and outputs 
the derived value to a display 50 as the hematocrit val- 
40 ue Ht = K log e y. 

It is preferable that the amplification factor K be 
88 in the linear amplifier 43. 

The display 50 includes an A/D converter and a 
display panel, converts the analog voltage signal 
45 from the hematocrit arithmetic unit 40 into digital sig- 
nals and gives a digital indication of the hematocrit 
value H, = 88 log e (p^) in the unit of %. 

As described above, the low and high-frequency 
impedances p L and of the blood are measured sub- 
so stantially at the same point of the blood flow passage 
1 0 at the same temperature, thereby enabling the he- 
matocrit value to be accurately measured without be- 
ing influenced by temperature variations. Therefore, 
the hematocrit value can be accurately measured 
55 even when the blood flow speed or the room temper- 
ature changes, and the temperature of the blood or 
concentration of the electrolyte in the blood plasma 
changes abruptly since medical fluid containing an 
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electrolyte is applied to the patient* s blood, for exam- 
ple. 

In addition, both the low and high-frequency im- 
pedances p L and p H are measured at the same tem- 
perature so as to nullify any Influence of the temper- 
ature variation. There will be no need for a thermistor 
or a device for correcting the measured values ac- 
cording to the temperature variation. This enables the 
whole measuring instrument to be simple and inex- 
pensive. 

Embodiment 2: 

The resistivity measurement cell which is directly 
in contact with the patient* s blood should be prefer- 
ably disposable so as to prevent infection of viruses, 
germs or the like. Such disposable members should 
be simple and inexpensive. A second embodiment of 
the invention is contemplated for such a purpose. 
FIG. 2 shows a hematocrit measuring instrument for 
meeting the above-described request. 

In this embodiment, the hematocrit arithmetic unit 
and the display are the same as those employed in 
the first embodiment, and will not be described here- 
inafter. The members similar to those of the embodi- 
ment 1 will be assigned the same reference numerals. 

The measuring instrument in this embodiment 
com prises the resistivity measurement cell 21 and a 
combined unit of the low and high-frequency impe- 
dance measuring devices 20 and 30 in the same man- 
ner as in the first embodiment. 

The measuring instrument is characterized in 
that one of two low-frequency current supply electro- 
des 26a, 26b (26b in this embodiment) is also used as 
the high-frequency electrode 28b so as to decrease 
the number of the electrodes used, thereby simplify- 
ing the resistance measurement cell 21. 

The low-frequency current supply electrodes 
26a, 26b and the voltage pickup electrodes 27a, 27b 
are disposed on the insulative pipe 25 as in the Em- 
bodiment 1 . The high-frequency supply electrode 28b 
also serves as the low-frequency current supply elec- 
trode 26b same as in the Embodiment 1. 

The electrode 26b and 28a are connected to the 
high-frequency constant current source 31 and the 
high-pass filter 32 so as to measure the high- 
frequency impedance of the blood. 

The hematocrit measuring instrument of the 
above configuration can flow both the low and high- 
frequency currents in the direction which intersect 
with each other at the perpendicular direction in the 
vicinity of the Wood flow passage 10, and can meas- 
ure the low and high-frequency impedances p L and p H 
of the blood. 

In the above embodiment, the electrode 26b is 
used for measuring both of the low and high- 
frequency impedances of the blood byway of the first 
embodiment The electrode 26a is also usable for this 



purpose. 

Embodiment 3: 

5 In the foregoing embodiments, the pair of the low- 

frequency current supply electrodes 26a, 26b are dis- 
posed at positions which are separated in the direc- 
tion of the central axis of the insulative pipe 25, and 
the high-frequency electrodes 28a, 28b are also dis- 
10 posed at positions which are separated in the direc- 
tion along the central axis of the pipe 25. Therefore 
the low-frequency current path formed by the electro- 
des 26a, 26b intersect with the high-frequency cur- 
rent path formed by the electrodes 28a, 28b. 
15 In this embodiment the electrodes are not nec- 

essarily disposed as described above, and are dis- 
posed substantially at the same point in the direction 
of the blood flow. 

FIG. 3 shows an embodiment of the arrangement 
20 of the electrodes, and is a sectional view of the resis- 
tivity measurement cell 21, cut in the plane where the 
cell 21 is perpendicular to the blood flow passage 1 0. 

The low-frequency current supply electrodes 
26a, 26b are disposed on the opposite sides of the 
25 blood flow passage 10, and the voltage pickup elec- 
trodes 27a, 27b are disposed in the vicinity of the 
electrodes 26a, 26b. 

The high-frequency electrodes 28a, 28b are dis- 
posed on the opposite sides of the blood flow pas- 
30 sage 10 so that the high-frequency current path via 
the electrodes 28a, 28b intersect the low-frequency 
current path via the electrodes 26a, 26b. 

As described with reference to the Embodiments 
1 and 2, both of the low and high-frequency impe- 
35 dances of the blood can be measured substantially at 
the same point of the blood flow passage 10 at the 
same temperature, so that the hematocrit value can 
be accurately measured without any influence of the 
temperature variation of the blood. 
40 The explanation of the other members will be 

omitted since they are similar as those in the embodi- 
ment 1. 

With the foregoing embodiments, the low- and 
high-pass filters are used so as to prevent the mutual 

45 interference between the low and high-frequency im- 
pedances. This invention is not limited to the use of 
these filters, but the interference between the low 
and high-frequency impedances can be eliminated 
by measuring the impedances on the time-sharing 

so basis, for example. 

The above embodiments are described about the 
hematocrit measuring instrument to be used for 
measurement by using a circulatory path outside the 
human body. However the instrument is not limited to 

55 the use mentioned above, but also is applicable to the 
hematocrit measurement of collected blood by modi- 
fying shapes of the low and high-frequency impe- 
dance measuring devices, for example. 
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Claims 

1. A hematocrit measuring instrument for deriving a 
hematocrit value from the impedance of the 
blood and comprising: 5 

(a) a biood flow passage (10); 

(b) a low-frequency impedance measuring 
device (20) in which at least a pair of low-fre- 
quency impedance measuring electrodes 
(26a/26b, 27a/27b) are disposed in said blood 10 
flow passage and are applied a low-frequen- 
cy current in which a cell membrane impe- 
dance is much larger than a blood plasma im- 
pedance or an intra-celiular fluid impedance, 

so as to measure a low-frequency impedance 1 5 
of the blood; 

(c) a high-frequency impedance measuring 
device (30) in which at least a pair of high- 
frequency impedance measuring electrodes 
(28a/28b) are disposed in said blood flow pas- 20 
sage and are applied a high-frequency cur- 
rent in which the cell membrane impedance is 
negligible compared with the blood plasma 
impedance or the intracellular fluid impe- 
dance, so as to measure a high-frequency im- 25 
pedance in the blood; and 

(d) an arithmetic unit (40) for calculating a he- 
matocrit value based on the low and high- 
frequency impedances of the blood; charac- 
terized in that said pair of low-frequency im- 30 
pedances measuring electrodes (26a/26b, 
27a/27b) and said pair of high-frequency im- 
pedance measuring electrodes (28a/28b) are 
disposed substantially at the same position in 

said blood flow passage in the blood flowing 35 
direction. 

2. A hematocrit measuring instrument according to 
claim 1, wherein one of said low-frequency impe- 
dance measuring electrodes (26a f 27a) is dis- 40 
posed facing said blood flow passage (10) while 

the other low-frequency impedance measuring 
electrode (26b, 27b) is disposed across said 
blood flow passage (10) at a position which is on 
the opposite side of said low-frequency impe- 45 
dance measuring electrode and is at a certain 
distance from said electrode (26a, 27a) in the di- 
rection of the central axis of said blood flow pas- 
sage; and one of said high-frequency impedance 
measuring electrodes (28a) is disposed facing 50 
said blood flow passage (10) while the other 
high-frequency impedance measuring electrode 
(28b) is disposed across said blood flow passage 
(10) at a position which is on the opposite side of 
said high-frequency impedance measuring elec- 55 
trade and is at a certain distance from said elec- 
trode in the direction of the central axis of said 
blood flow passage, so that said high-frequency 



current flow passage through said high- 
frequency impedance measuring electrodes and 
said low-frequency current flow passage through 
said low-frequency measuring electrodes inter- 
sect with each other in said blood flow passage. 

3. A hematocrit measuring instrument according to 
claim 1, wherein both of said low and high- 
frequency impedance measuring electrode pairs 
are disposed so that their low-frequency current 
passage and high-frequency current passage in- 
tersect in a plane which is perpendicular to the 
central axis of said blood flow passage. 

4. A hematocrit measuring instrument according to 
any of claims 1 to 3, wherein both of said low and 
high-frequency impedance measuring electrode 
pairs are disposed on an insulated resistance 
measuring cell (21) in said blood flow passage 
(10). 

5. A hematocrit measuring instrument according to 
any of claims 1 to 4, wherein said low-frequency 
impedance measuring device includes a low-fre- 
quency constant current source (22) for supplying 
a low-frequency current to the blood through said 
pair of low-frequency impedance measuring 
electrodes (26a/26b, 27a/27b), a low pass filter 
(23) for passing a low-frequency voltage signal 
generated between said pair of low-frequency 
impedance measuring electrodes (26a/26b, 
27a/27b), and low-frequency impedance output- 
ting means (24) for measuring a voltage of the 
low-frequency voltage signal outputted from said 
low-pass filter and foroutputting a signal indicat- 
ing the low-frequency impedance of the blood; 
and said high-frequency impedance measuring 
device includes a high-frequency constant cur- 
rent source (31) for supplying a high-frequency 
current to the blood through said pair of high- 
frequency impedance measuring electrodes 
(28a/28b), a high-pass filter (32) for passing a 
high-frequency voltage signal generated be- 
tween said pair of high-frequency impedance 
measuring electrodes (28a/28b), and high- 
frequency impedance outputting means (33) for 
measuring a voltage of the high-frequency vol- 
tage signal outputted from said high-pass filter 
and for outputting a signal indicating the high- 
frequency impedance of the blood. 

6. A hematrocrit measuring instrument according to 
claim 5, wherein said low-frequency impedance 
measuring device (20) includes a pair of voltage 
detecting electrodes (27a/27b) disposed adja- 
cent to said pair of low-frequency impedance 
measuring electrodes (26a/26b) and connected 
to said low-pass filter. 
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7. A hematocrit measuring instrument according to 
any of claims 1 to 6, wherein at least one of said 
pair of high-frequency impedance measuring 
electrodes is also used as a low-frequency impe- 
dance measuring electrode so as to decrease the 5 
number of said electrodes. 

8. A hematocrit measuring instrument according to 
any of claims 1 to 7, wherein said low-frequency 
impedance measuring device measures a low- 10 
frequency impedance of the blood by means of a 
low-frequency of 5 KH Z to 50 KHz, and said high- 
frequency impedance measuring device meas- 
ures a high-frequency impedance of the blood by 
means of a high-frequency of 20 MH Z to 200 MH Z . 15 



Patentanspruche 

1. Hamatokrit-MeBgerat zum Herleiten eines 20 
Hamatokritwertes aus der Impedanz des Blutes, 
welches aufweist 

(a) einen Blutkanal (10); 

(b) eine NiederfrequenzimpedanzmeBvor- 
richtung (20), bei der mindestens ein Paar von 25 
NiederfrequenzimpedanzmeBelektroden 
(26a/26b, 27a/27b) in dem Blutkanal (10) an- 
geordnetund miteinem Niederfrequenzstrom 
beaufschlagt ist, bei dem die Impedanz der 
Zeltmembran wesentlich groBer als die Impe- 30 
danz des Blutplasrnas oder die Impedanz der 
Zeltflussigkeit ist, urn die Niederfrequenzim- 
pedanz des Blutes zu messen; 

(c) eine Hochfrequenzimpedanzme&vorrich- 
tung (30), bei der mindestens ein Paar von 35 
Hochf requenzimpedanzmeBelektroden 
(28a/28b) in dem Blutkanal angeordnet und 

mit einem Hochfrequenzstrom beaufschlagt 
ist, bei dem die Impedanz der Zelimembran im 
Vergleich zur Impedanz des Blutplasrnas oder 40 
der Impedanz der Zelff lussigkeit vernachlas- 
sigbar ist, um die Hochfrequenzimpedanz im 
Blutzu messen; und 

(d) eine Arithmetikeinheit (40) zum Berech- 

nen des Hamatokritwertes auf der Grundlage 45 
der Nieder- und Hochfrequenzimpedanzen 
des Blutes; 

dadurch gekennzeichnet, daB das Paar 
von NiederfrequenzimpedanzmeBelektroden 
(26a/26b, 27a/27b) und das Paar von so 
Hochf requenzmeBetektroden (28a/28b) im 
wesentlichen an derselben Stelle des Blutka- 
nales (10) in BlutfluBrichtung angeordnet 
sind. 

55 

2. Hamatokrit-MeBgeratnachAnspruch l , bei dem ep 
ne der NiederfrequenzimpedanzmeBelektroden 
(26a, 27a) gegenuber dem Blutkanal (10) ange- 



ordnet ist, und die andere Niederfrequenzimpe- 
danzmeftelektrode (26b, 27b) quer zu dem Blut- 
kanal (10) an einer Stelle angeordnet ist, diesich 
auf der gegenuberliegenden Seite der Nieder- 
frequenzimpedanzmeBelektrode und in einem 
bestimmten Abstand von dieser Elektrode (26a, 
27a) in der Richtung der Mittelachse des Blutka- 
nales befindet; und eine der Hochfrequenzim- 
pedanzmeBelektroden (28a) gegenuber dem 
Blutkanal (10) angeordnet ist, und die andere 
HochfrequenzimpedanzmeB- elektrode (28b) 
quer zu dem Blutkanal (10) an einer Stelle ange- 
ordnet ist, die sich auf der gegenuberliegenden 
Seite der Hochf requenzimpedanzmeRelektrode 
und in einem bestimmten Abstand von dieser 
Elektrode in der Richtung der Mittelachse des 
Blutkanales befindet, so daB sich der Hochfre- 
quenzstromkanal durch die Hochf requenzimpe- 
danzmeBelektroden und der Niederfrequenz- 
stromkanal durch die Niederfrequenzimpedanz- 
meBelektroden in dem Blutkanal schneiden. 

3. Hamatokrit-MeBgerat nach Anspruch 1 , bei dem 
beide Nieder- und Hochf requenzimpedanz- 
meBelektrodenpaare derart angeordnet sind, 
daB sich deren Niederfrequenzstrompfad und 
Hochfrequenzstrompfad in einer Ebene schnei- 
den, die senkrecht zur Mittelachse des Blutkana- 
les liegt. 

4. Hamatokrit-MeBgerat nach einem der Anspriiche 1 
bis 3, bei dem beide Nieder- und Hochfre- 
quenzimpedanzmeBelektrodenpaare auf einer 
isolierenden WiderstandsmeBzelle (21) in dem 
Blutkanal (10) angeordnet sind. 

5. Hamatokrit-MeBgerat nach einem der Anspruche 
1 bis 4, bei dem die Niederfrequenzimpedanz- 
meBvorrichtung eine Niederfrequenz-Konstant- 
stromquelle (22) zum Liefer n eines Niederfre- 
quenzstromes an das Blut durch das Paar der 
NiederfrequenzimpedanzmeMektroden 
(26a/26b, 27a/27b), ein Tiefpafcfilter (23) zum 
Durchlassen des zwischen dem Paar von 
Niederfrequenzimpedanzme^ektroden (26a/26b, 
27a/27b) erzeugten Niederfrequenz-Spannungssi- 
gnals und eine Niederfrequenz-Ausgabeeinrich- 
tung (24) zum Messen der Spannung des von dem 
TiefpaBf Hter ausgegebenen Niederfrequenz- 
Spannungssignales und zum Ausgeben eines Si- 
gnales, das die Niederfrequenzimpedanz des Blu- 
tes anzeigt, aufweist; und die Hochfrequenzimpe- 
danzmeBvorrichtung eine Hochf requenz-Kon- 
stantstromqueile (31) zum Liefern eines Hochf re- 
quenzstromes an das Blut durch das Paar von 
Hochf requenzimpedanzmeBelektroden (28a/28b), 
ein HochpaBfilter (32) zum Durchlassen des 
zwischen dem Paar von Hochfrequenzimpe- 
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danzme&efekt roden (28a/28b) erzeugten Hoch- 
frequenz-Spannungssignales und eine Hochfre- 
quenzimpedanz-Ausgabeeinrichtung (33) zum 
Messen der Spannung des von dem Hochpa&f li- 
ter ausgegebenen Hochfrequenz-Spannungssi- 5 
gnales und zum Ausgeben eines Signales, das 
die Hochfrequenz-8impedanz des Blutes an- 
zeigt, aufweisL 

6. Hamatokrrt-MeGgerat nach Anspruch 5, bei dem 10 
die NiederfrequenzimpedanzmeRvorrichtung 

(20) ein Paar von Spannungserfassungselektro- 
den (27a, 27b), die angrenzend zu dem Paar von 
Niederfrequenzimpedanzmelielektroden (26a/26b) 
angeordnet und mil dem TiefpaBf ilter verbunden 1 5 
sind, aufweist 

7. Hamatokrit-Me&gerat nach einem der Anspruche 
1 bis 6, bei dem mindestens eine des Paares von 
Hochfrequenzimpedanzmedelektroden auch als 20 
NiederfrequenzimpedanzmeBelektrode verwen- 

det ist, urn die Anzahl der Elektroden zu senken. 

8. Hamatokrit-MeRgerat nach einem der Anspruche 

1 bis 7, bei dem die Niederfrequenzimpedanz- 25 
me&vonichtung mittels einer Niederfrequenz 
von 5 kHz bis 50 kHz die Niederfrequenzimpe- 
danz des Blutes mi&t, und die Hochfrequenzim- 
pedanzme&vorrichtung mittels einer Hochfre- 
quenz von 20 MHz bis 200 MHz die Hochfre- 30 
quenzimpedanz des Blutes mi&t 



Revendications 

35 

1. Un instrument de mesure d'hematocrite destine 
a determiner une valeur d'hematocrite a partir de 
I'impedance du sang et comprenant : 

(a) un passage d'ecoulement de sang (10); 

(b) un dispositif de mesure d'impedance en 40 
basse frequence (20) dans lequel au moins 

une paire d'eiectrodes de mesure d'imp6dan- 
ce en basse frequence (26a/26b, 27a/27b) 
sont disposees dans le passage d'ecoule- 
ment de sang et recoivent un courant de bas- 45 
se frequence pour lequel Hmpedance de la 
membrane d'une cellule est tres superieure a 
('impedance du plasma sanguin ou a ('impe- 
dance du fluide intra-cellulaire, de facon a 
mesurer une impedance du sang en basse 50 
frequence; 

(c) un dispositif de mesure d'impedance en 
haute frequence (30), dans lequel au moins 
une paire d'eiectrodes de mesure d'impedan- 
ce en haute frequence (28a/28b) sont dispo- 55 
sees dans le passage d'ecoulement de sang 

et recoivent un courant de haute frequence, 
pour lequel I' impedance de la membrane 



d'une cellule est negligeable vis-a-vis de I'im- 
pedance du plasma sanguin ou de I'impedan- 
ce du fluide intra-cellulaire, de facon a mesu- 
rer une impedance du sang en haute frequen- 
ce; et 

(d) une unite arithmetique (40) pour calculer 
une valeur d'hematocrite sur la base des im- 
pedances du sang en basse frequence et en 
haute frequence; 

caracterise en ce que la paire d'eiec- 
trodes de mesure d'impedance en basse fre- 
quence (26a/26b, 27a/27b) et la paire d'eiec- 
trodes de mesure d'impedance en haute fre- 
quence (26a728b) sont disposees pratique- 
ment a la meme position dans le passage 
d'ecoulement de sang, dans la direction 
d'ecoulement du sang. 

2. Un instrument de mesure d'hematocrite selon la 
revendication 1, dans lequel une premiere des 
electrodes de mesure d'impedance en basse fre- 
quence (26a, 27a) est disposee face au passage 
d'ecoulement de sang (10), tandis que I'autre 
electrode de mesure d'impedance en basse fre- 
quence (26b, 27b) est disposee de I'autre cdte du 
passage d'ecoulement de sang (10) a une posh 
tion qui est du cdte oppose a celui de la premiere 
electrode de mesure d'impedance en basse fre- 
quence et qui est a une certain e distance de cette 
electrode (26a, 27a) dans la direction de I'axe 
central du passage du passage d'ecoulement de 
sang; et une premiere des electrodes de mesure 
d'impedance en haute frequence (28a) est dispo- 
see face au passage d'ecoulement de sang (10), 
tandis que I'autre electrode de mesure d'impe- 
dance en haute frequence (28b) est disposee de 
I'autre cote du passage d'ecoulement de sang 
(10), a une position qui estdu cdte oppose a celui 
de reiectrode de mesure d'impedance en haute 
frequence et qui est a une certaine distance de 
cette electrode dans la direction de i'axe central 
du passage d'ecoulement de sang, de facon que 
le chemin de circulation du courant de haute fre- 
quence entre les electrodes de mesure d'impe- 
dance en haute frequence et le chemin de circu- 
lation du courant de basse frequence entre les 
electrodes de mesure d'impedance en basse fre- 
quence se coupent mutuellement dans le passa- 
ge d'ecoulement de sang. 

3. Un instrument de mesure d'hematocrite selon la 
revendication 1, dans lequel les paires d'eiectro- 
des de mesure d'impedance en basse frequence 
et en haute frequence sont disposees de facon 
que leur chemin de circulation du courant de bas- 
se frequence et leur chemin de circulation du 
courant de haute frequence se coupent dans un 
plan qui est perpendiculaire a I'axe central du 
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passage d'ecoulement de sang. 

4. Un instrument de mesure d'hematocrite selon 
Tune quelconque des revendications 1 a 3, dans 
lequel les paires d'electrodes de mesure d'impe- 5 
dance en basse frequence et en haute frequence 
sont disposees sur une cellule de mesure de re- 
sistance isolee (21) dans le passage d'ecoule- 
ment de sang (10). 

w 

5. Un instrument de mesure d'hematocrite selon 
Tune quelconque des revendications 1 a 4, dans 
lequel le dispositif de mesure d'impedance en 
basse frequence comprend une source de cou- 

rant constant de basse frequence (22) qui est 15 
destinee a fafre circuler un courant de basse fre- 
quence dans le sang entre les electrodes de la 
pa ire d'electrodes de mesure d'impedance en 
basse frequence (26a/26b, 27a/27b), un filtre 
passe-bas (23) pour transmettre un signal de 20 
tension de basse frequence qui est geneYe entre 
les electrodes de la paire d'electrodes de mesure 
d'impedance en basse frequence (26a/26b, 
27a/27b), et des moyens remission de valeur 
d'impedance en basse frequence (24) pour me- 25 
surer la tension du signal de tension de basse fre- 
quence qui est 6mis par le filtre passe-bas, et a 
emettre un signal indiquant I'impedance du sang 
en basse frequence; et le dispositif de mesure 
d'impedance en haute frequence comprend une 30 
source de courant constant de haute frequence 
(31) qui est destinee a faire circuler un courant de 
haute frequence dans le sang, entre les electro- 
des de la paire d'electrodes de mesure d'impe- 
dance en haute frequence (26a/28b), un filtre 35 
passe-haut (32) qui est destine a transmettre un 
signal de tension de haute frequence qui est g6- 
n6r6 entre les electrodes de la paire d'electrodes 
de mesure d'impedance en haute frequence 
(28a/28b) t et des moyens d'emission de valeur 40 
d'impedance en haute frequence (33) destines a 
mesurer la tension du signal de tension de haute 
frequence qui est 6mis par le filtre passe-haut, et 
a emettre un signal indiquant I'impedance du 
sang en haute frequence. 45 

6. Un instrument de mesure d'h6matrocrite selon la 
revendication 5, dans lequel le dispositif de me- 
sure d'impedance en basse frequence (20) 
comprend une paire d'electrodes de detection de so 
tension (27a/27b) qui sont disposees en position 
adjacente a la paire d'electrodes de mesure d'im- 
pedance en basse frequence (26a/26b) et qui 
sont connectees au filtre passe-bas. 

55 

7. Un instrument de mesure d'hematocrite selon 
I'une quelconque des revendications 1 a 6, dans 
lequel I'une au moins des electrodes de ia paire 



d'electrodes de mesure d'impedance en haute 
frequence est 6ga)ement utilisee a titre d'eiectro- 
de de mesure d'impedance en basse frequence, 
de facon a diminuer le nombre des electrodes. 

8. Un instrument de mesure d'hematocrite selon 
Tune quelconque des revendications 1 a 7, dans 
lequel le dispositif de mesure d'impedance en 
basse frequence mesure I'impedance du sang en 
basse frequence au moyen d'une basse frequen- 
ce de 5 kHz a 50 kHz, et le dispositif de mesure 
d'impedance en haute frequence mesure I'impe- 
dance du sang en haute frequence au moyen 
d'une haute frequence de 20 MHz a 200 MHz. 
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